on either side of the aorta and inferior vena cava. Each kidney contains 1 million functional units, or 'nephrons'. These consists of glomerulus's (where filtration of plasma occurs), proximal convoluted tubule, loop of Henle and distal convoluted tubule (where selective reabsorption of fluid and solutes from the filtrate occurs), and the collecting duct. The collecting ducts of multiple nephrons drain into the renal pelvis and ureter. There is a rich blood supply (20% -25% of cardiac output). Intralobular branches of the renal artery give rise to the glomerular afferent arterioles which supply the capillaries within the glomerulus. The efferent arteriole, leading from the glomerulus, supplies the distal nephron and medulla in a 'portal' circulation.
Glomeruli 7
The glomerulus contains three main cell types: endothelial cells lining the glomerular capillaries, epithelial cells and mesangial cells. Mesangial cells lie in the central region of the glomerulus. They have similarities to vascular smooth muscle cells. (eg. contractility), but also some macrophage-like properties. Filtration occurs across the glomerular basement membrane (GBM), produced by fusion of the basement membranes of epithelial & endothelial cells. The glomerular capillary endothelial cells contain pores (fenestrae) which allow access of circulating molecules to the underlying GBM. On the outside of the GBM, glomerular epithelial cells (Podocytes) put out multiple long foot processes which interdigitate with those of adjacent epithelial cells. As well as maintaining the filtration barrier, podocytes are involved in the regulation of filtration and of GBM turnover.
The filtration barrier at the glomerulus is normally almost absolute to proteins the size of albumin (67KDa) or larger, while proteins of 20KDa or smaller are able to filter freely. Between these sizes the ability of individual molecules to cross the GBM is influenced by their shape and charge. Anionic proteins are relatively less freely filtered than cationic proteins. Little lipid is filtered.
Filtration pressure at the GBM is controlled by afferent and efferent arteriolar tone. Auto regulation maintains a constant glomerular filtration rate (GFR) by altering this arteriolar tone over a wide range of systemic blood pressure and renal perfusion pressure. In response to a reduction in perfusion pressure, angiotensin-II mediates constriction of the efferent arteriole, which restores filtration pressure.
Functions of the kidneys: 7
In health, the volume and composition of the body fluids are tightly regulated and the kidneys are largely responsible. This achieved by making large volume of an ultra-filtrate of plasma (120 ml/min, 170 liters/ day) at the glomerulus, and selectively reabsorbing components of this ultra-filtrate at points along the nephron. The rates of filtration are under the control of many hormonal and haemodynamic signals.
Some metabolites either are not reabsorbed from the filtrate, or are actively secreted into it. The kidney is primarily responsible for excretion of many metabolic breakdown products (including ammonia, urea and creatinine from protein, and uric acid from nucleinc acids), drugs and toxins. In addition, the kidney has a number of hormonal functions. Three of these are particularly important: release of erythropoietin in response to hypoxia, vitamin D metabolism, secretion of renin.
Before going to the main discussion we would like to highlight some points about Chronic Kidney Disease.
Chronic kidney disease Definition and stages:
National kidney foundation defines chronic kidney disease (CKD) as either kidney damage or a decreased glomerular filtration rate of< 60 ml/min / 1.73m 2 for 3 or more months. Whatever the underlying aetiology, it is that the destruction of renal tissue or a progressive decline in GFR within determines the progression of CKD. The K /DOQI definition and the classification of CKD allow better communication and intervention at the different stages.
Frequency of CKD :-
Internationally -the incidence rates of end stage renal disease (ESRD) have increased steadily since 1989. The United States has the highest incidence rate of ESRD followed by Japan. Which has the highest prevalence per million population, with the United States taking second place. 8 In the United States: The US Renal Data System has shown a dramatic increase in patients with CKD who require chronic dialysis or transplantation. In 1999 there were 340,000 such patients, but, 2010, this number is projected to reach 651,000. 9 CKD, particularly at the stage requiring renal replacement therapy, is already a major burden to health care resources, and this will only worsen in time. 
Pathophysiology of CKD :-
Each nephron contributes to the total GFR. Regardless of the aetiology of renal injury, with progressive destruction of nephrons the kidney has an innate ability to maintain GFR by hyperfiltration and compensatory hypertrophy of the remaining healthy nephrons. This nephron adaptabiliy allows for continued normal clearance of plasma solutes such that, substances such as urea & creatinine start to show significant increaser in plasma level only after total GFR has decreased to 50% , when the renal reserve has been exhausted. The plasma creatinine value will be double with a 50% reduction of GFR. A rise in plasma creatinine from a base line value of 0.6 mg /dl to 1.2 mg /dl in a patient, although still within the reference range, actually represents a loss of 50% of functional nephron mass.
Since, uraemic syndrome resembles asystemic intoxication, the search for a putative uraemic toxin has been the subject of intensive investigation. As yet, however, no single compound has been found to produce the clinical picture of uraemia. Therefore, it is more likely that multiple factors confribute to the pathogenesis of this syndrome. e.g.
A. Retained metabolic Product:-
Many chemical compounds have been suspected to be responsible for the uremia syndrome, e.g. Acetone, amino acid, amines, creatinine, â2 microglobulin.
B. Over production of counter regulatory hormones:-
Overproduction of parathyroid hormone (PTH) in response to hypocalcaemia and natriuretic hormone in responde to volume overload could contribute to many aspects of the uraemic state.
C. Under Production of renal hormones:-
Decreased erythropoietin production causes anemia. Decreased 1α-hydroxylation of vit D3 contributes to bone disease. Clearly, these and other such deficiencies could play a role in the uraemic state.
Diagnosis: 14
The first step is to determine whether the renal failure is acute, chronic or acute superimposed on chromic. Progression to CKD is common when the serum creatinine concentration is >1.5 to 2 mg / dl. This may occur even if the underlying disorder is not active. Obtaining a precise diagnosis becomes increasingly difficult as the patient approaches end stage renal disease. The definitive diagnostic tool is renal biopsy, but it is not recommended when ultrasonography indicates that the kidneys are small and fibrotic.
Investigations done in chronic Kidney disease:
The following investigations are usually done in case of CKD like Urine analysis,Serum creatinine ,BUN, Creatinine clearance,Serum potassium,Arterial blood gas and blood chemistry,Renal or abdominal X-ray, Abdominal CT scan, Abdominal MRI, Abdominal Ultrasound,Test for Urinary cast, Renal scan, Parathyroid hormone level,.Serum Magnesium, Erythropoietin level.
Creatinine Clearance Rate:
The creatinine clearance rate compares the level of creatinine in urine with with in the blood, usually based on measurement of a 24 hour urine sample and blood sample drawn at the end of the 24 hours period. It is measured as ml/min.
Because, creatinine is found in stable plasma concentration, is freely filtered and not reabsorbed, and is minimally secreted by the kidneys, creatinine clearance rate is used to estimate the glomerular filtration rate (GFR) -the standard by which kidney function is assessed.
How the test is performed:
i. A 24 hour urine sample is generally required. Occasionally 6 or 12 hours urine collection can be done alternatively.
ii. Blood sample is drawn from vein at the end of 24-hour period.
Both urine & blood sample will be tested in laboratory to measure creatinine concentration.
Than Creatinine Clearance Rate is calculated as follows:- 
Correction:
Total body mass is roughly proportional to body surface area (BSA). Correction for BSA is necessary if the BSA of the patient differ markedly from the average.
Standardized Creatinine Clearance Rate = Calculated Creatinine Clearance X (1.73/BSA in square meter)
Where, 1.73 is the BSA of average size person in square meter. 24 Factors affecting creatinine clearance: 1. Sex -It is normally less in women than men.
2. Age-It is lower in children until the age of 2 years
It usually decreases in adults with age, starting at the age of 30 years.
3. Muscle mass -This is the reason for decrease seen in elderly. It can also be important in patients with cachexia.
Pregnancy
5. Hyperglycemia -Due to osmotic diuresis and body fluid redistribution.
6. Patients with morbid obesity or marked ascites; They execrete less creatinine per kg than expected. It need to be corrected to lean body weight if they are marked. 
Uses of creatinine clearance Rate:
Measurement of creatinine clearance rate can be used to estimate the glomerular filtration rate (GER) in a patients with Chronic Kidney Disease, Testing should be done periodically to monitor renal finction and to detect any deterioration over time.
Creatinine clearance can be measured once a year in a person with stable renal function.
It can be measured more often if the patient has: i) GFR < 60 ml/min/1.73 m 2
ii) A decline in GFR > 4ml/min/1.73m2 per year.
iii) Deterioration / progression in the disease causing the chronic renal dysfunction.
iv) Exposure to risk factors for an acute decline in GFR e.g. urinary tract obstruction, volume depletion, exposure to nephrotoxiedrugs. Therefore, a creatinine clearance must be calculated simply by Cockcoroft & Gault formula in elderly people so that, patient in different stages of chronic kidney disease can be detected more confidently than that would be suggested by the serum creatinine alone. 12 
